INTRODUCTION 4 8
Members of the bacterial class Mollicutes, including the genus Mycoplasma, are 4 9 parasitic, occasionally commensal, and characterized by small cells and genomes as 5 0 well as the absence of a peptidoglycan layer (1, 2) . More than ten Mycoplasma species, 5 1 such as the fish pathogen Mycoplasma mobile (3) (4) (5) and the human pathogen However, the gliding speed did significantly decrease to 0.11 ± 0.04 μ m/s (n = 50) at 4.6 1 3 7 mPa s with 15% Ficoll (P<0.001 by Student's t-test) ( Fig. 2B and C) . The averaged 1 3 8 gliding direction relative to the cell axis did not change significantly with an increase in 1 3 9 viscosity for all examined conditions. However, the standard deviations of gliding degrees/5 s (n = 48) in 0% to 12.4 degrees/5 s (n = 50) in 15% Ficoll ( Fig. 2B and C) . These results indicate that the gliding motility of M. gallisepticum is affected by Ficoll 1 4 3 but not MC. which can be reduced by the addition of free SOs (33, (44) (45) (46) . To examine the 1 4 7 relationship between binding and gliding, we added various concentrations of free cells. The cell suspension was inserted into the tunnel chamber and observed by 1 5 0 phase-contrast microscopy. After 60 s, the buffer was replaced by the buffers containing 1 5 1 0 0.5 mM SL. The gliding cells slowed down after the addition of free SL, and some of 1 5 2 them detached from the glass surface ( Fig. 3A and B ). Most of the cells stopped for supplemental material). The inhibition ratio for binding was calculated from the number 1 5 5 of gliding cells at 40 s after the addition of SL to the number before the SL treatments 1 5 6 (45). The ratio decreased with SL concentration from 88% ± 11% (n = 14) in 0 mM to 1 5 7 13% ± 11% (n = 21) in 0.5 mM SL (Fig. 3C ). The gliding speed at 40 s after the Cells were permeabilized with Triton X-100 and ATP to efficiently observe the 1 7 1 behaviors of permeabilized cells in the presence of ATP. This strategy was applied to M. 1 7 2 mobile to confirm whether it was efficient. Cultured M. mobile cells were suspended in 1 7 3 bufferA (10 mM HEPES pH 7.4, 100 mM NaCl, 2 mM MgCl 2 , 1 mM EGTA, 1 mM 1 7 4 DTT, 0.1% MC) containing 20 mM glucose and inserted into the tunnel chamber. Then, 1 7 5 the cells were permeabilized with 0.013% Triton X-100 containing 1 mM ATP + 0.01 1 7 6 mM ADP or 1 mM ADP. The cells permeabilized with Triton X-100 containing 1 mM 1 7 7 ATP + 0.01 mM ADP glided at a similar speed to the intact cells. The cells 1 7 8 1 1 permeabilized with Triton X-100 containing 1 mM ADP stopped gliding when they 1 7 9
were permeabilized (see Movie S3 and S4 in the supplemental material). These results 1 8 0 indicate that this method works efficiently. This method was then applied to M. density showed slow gliding when they were permeabilized with Triton X-100 gallisepticum. The occurrence ratio of gliding ghosts was calculated to be 0.41% from 2 0 0 the numbers of gliding ghosts and intact cells before Triton treatment (n intact = 11528 2 0 1 and n ghost = 47). The gliding speed of ghosts in 1 mM ATP + 0.01 mM ADP was 2 0 2 averaged for 150 s at 10 s intervals and found to be 0.014 ± 0.007 μ m/s (Fig. 4G ). The 2 0 3 62.9% of gliding ghosts continued to glide for 17 min of video recording. In the ATP 2 0 4 hydrolysis cycle, the ATP state becomes the ADP or P i state through the ADP + P i state. gliding ghosts in ATP + V i glided with 0.011 ± 0.010 μ m/s (n = 9) at an occurrence ratio 2 1 0 of ghost to all intact cells 0.37% (n intact = 2439 and n ghost = 9) ( Fig. 4H and I), similar to 2 1 1 the ghosts constructed by Triton X-100 containing 1 mM ATP + 0.01 mM ADP. However, only 33.3% of ghosts continued to glide for 17 min of video recording under 2 1 3 ATP + V i conditions, which is half of the ghosts constructed by Triton X-100 containing 2 1 4 1 3 1 mM ATP + 0.01 mM ADP ( Fig. 4J ), suggesting that V i gradually stopped the gliding 2 1 5 of ghosts. These results indicate that the gliding motility of M. gallisepticum is driven 2 1 6 by ATP hydrolysis. Cells treated with 0.007% Triton X-100 became round and showed three levels of Negative-staining electron microscopy was carried out to analyze the morphological permeabilized membrane causing the loss of cytoplasm. In the present study, we observed and analyzed the gliding behaviors of M. suggesting that the gliding direction is determined by the alignment of the attachment 2 3 9 organelle (23). M. gallisepticum has non-bended attachment organelles ( Fig. 5A ) (37), 2 4 0 and the average gliding direction was 0.6 ± 44.6 degrees/5 s (Fig. 1D) , which is 2 4 1 consistent with previous observations (23, 41). However, cells sometimes glided to the 2 4 2 left or the right (Fig. 1B) . In these cases, the cells bind to glass surfaces at the end of the with adhesin complexes working as a 'leg' around the membrane protrusion (41, 50, 51). heterodimers, one of each is assembled by one P1 adhesin molecule and one P90 2 6 9 molecule (28). The adhesin complex in M. genitalium is also composed of a dimer of 2 7 0 heterodimers constructed by P110 and P140, the homologs of P1 adhesin and P90, 2 7 1 respectively (53). P110 has a binding site for SOs, so one adhesin complex binds two were observed (see Fig. S2 in the supplemental material). A previous study shows that that adhesin complexes exist with high density at the end of the membrane protrusion. In the present study, we succeeded in forming the gliding ghosts of M. gallisepticum and 2 8 7 clarified that the direct energy source of gliding is ATP (Fig. 4) . In this method, we 2 8 8 added 0.01 mM ADP to 0.007% Triton X-100 and 1 mM ATP solution because cells 2 8 9 permeabilized with 0.007% Triton X-100 and 1 mM ATP solution easily detach from 2 9 0 glass surfaces and ADP reduces these detachments. In a previous study, the gliding ghosts of M. mobile glided at similar speeds to intact 2 9 2 cells, and 85% of ghosts showed gliding (32). However, the gliding speed of M. gallisepticum ghosts was 4% of that of the intact cells, and 0.4% of the intact cells 2 9 4 became gliding ghosts ( Fig. 4I and J) . Kawamoto et al. showed in 2016 that the plates originating in the bowl complex to the adhesin complexes (7). The low 2 9 8 occurrence ratio of gliding ghosts in M. gallisepticum may be caused by the 2 9 9 permeabilization of cells resulting in the elution of less-di usive materials. The cells 3 0 0 treated with Triton X-100 show three levels of cell-image density shifts ( Fig. 4D and E) . The cells which decreased in the cell-image density to be 75% of the intact cells which is −150 mV (58-61). Therefore, ATP is more convenient for Mycoplasmas for the 3 1 7 energy source of gliding motilities rather than proton motive force. Cultivation. The M. gallisepticum S6 strain was grown in Aluotto medium at 37 , as 3 2 1 previously described (37). Observations of gliding behaviors. The cells were cultured to reach an optical density 3 2 3 at 595 nm of around 0.1. The cultured cells were collected by centrifugation at 12,000 × 3 2 4 g for 10 min at room temperature (RT) and suspended in PBS consisting of 75 mM 3 2 5 sodium phosphate (pH 7.3) and 68 mM NaCl. The cell suspension was centrifuged at 3 2 6 12,000 × g for 5 min at RT, suspended in PBS containing 10% non-heat-inactivated poured twice more and inserted into a tunnel chamber which was assembled by taping Hit), observed by phase-contrast microscopy at 37 and recorded with a 3 3 7 charge-coupled device (CCD) camera (LRH2500XE-1; DigiMo, Tokyo, Japan). Video data were analyzed by ImageJ 1.43u (http://rsb.info.nih.gov/ij/), as previously described (37, 41). To investigate the effect of viscosity on gliding, the cultured cells were washed with 3 4 1 PBS containing 10% non-heat-inactivated horse serum and 0.10%, 0.25%, and 0.50% Cells on the tunnel chamber were treated with various concentrations of 3′-sialyllactose 3 5 2 sodium salt (Nagara Science Co., Ltd, Tokyo, Japan) in PBS/G, observed by 3 5 3 phase-contrast microscopy at 37 and recorded to examine the binding features. The cultured cells were collected, suspended in PBS containing 10 mM showing the measurement of gliding direction (left) and the distribution of gliding 
